A review of methods used

Planning for the Distribution
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LANNING for personal health services in-

volves four steps, closely related but con-
ceptually different: the elaboration of the plan,
its acceptance by those affected, its implemen-
tation, and its evaluation. These four steps, unit-
ed in a cyclical time sequence, are emphasized
differently, depending on the social, political,
and economic environment in which the plan-
ning takes place. In environments unfamiliar
with or unreceptive to the concept of planning,
discussions among planners tend to focus on
acceptance and implementation, while in envi-
ronments with a clear commitment to planning,
the focus is primarily on the elaboration of the
plan and its evaluation. Differences in the im-
portance accorded to each of the four steps
motivate much of the lively discussion on the
purpose and value of planning (Z).

This paper reviews the methods used in the
first step, the elaboration of the plan. It deals
with planning for adequate and appropriate
distribution of health resources. The six meth-
ods described are based on (&) morbidity, ()
mortality, (¢) utilization, () distribution, (e)
system performance, and (f) system structure.
These methods were developed in a variety of
situations that differ in time, location, and

country.

Methods Based on Morbidity

Although the level and structure of morbid-
ity are believed to be important determinants
of health resources utilization, morbidity data
often have been overlooked in the planning of
health services.
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Two sequential steps are to be followed in
planning health services in relation to morbid-
ity : first, to survey the extent and character of
so-called “need” for medical care as determined
by the morbidity of the chosen population—this
morbidity can be either “perceived” by the indi-
vidual or “defined” by the health professional—
second, to translate the need defined by morbid-
ity into health resources.

The use of data from morbidity surveys of
general populations for planning purposes has
been described elsewhere (2). The conversion
of morbidity data into measurement of health
resources needed usually has relied on subjec-
tive judgment—“expert professional opinion.”

Several investigators in different countries—
Lee and Jones (3) and Falk and associates (4)
in the United States, Kalimo and Sievers (5)
in Finland, and Forsyth and Logan (6) and
Barr (7) in the United Kingdom, among
others—have surveyed morbidity patterns in
either general or specific populations, for ex-
ample, hospital populations, and have calcu-
lated needed health resources to cope with the
morbidity reported.

Among the most detailed studies is that re-
ported by Popov from the Soviet Union (8).
This study included several cities and rural dis-
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tricts in which “experts” on delivery of medical
care considered that demand for personal
health services was met ; for example, there were
no waiting lists for hospitalization. The extent
of satisfied demand was indicated by the
amount of utilization of the personal health re-
sources. For the survey every member of the
community was given a card, on which all use
of medical and hospital facilities was recorded
for an undetermined period of time.

Following the utilization survey, a health
examination survey was carried out on the
whole population by medical specialists. The
return for this survey, according to a summary
of Popov’s report by Burkens (9), was high
but precise figures were not given. Elderly peo-
ple in particular were reluctant to cooperate in
such studies. The objective of this massive
health investigation was to determine the extent
of the “iceberg of need” (I0), the submerged
as well as the visible parts, based on a profes-
sional definition of need.

The two Soviet Union surveys of utilization
and need were compared and analyzed; “over-
use,” “underuse,” and “misuse” of health re-
sources were estimated. To make this judgment,
standards for use of health resources for
different types of morbidity were defined by
“experts” on the delivery of medical care. They
calculated, for instance, the average number of
hospital beds required per year per 1,000 popu-

lation from the formula:
AXRXP(N—3yN) (1
365 X N X 100
where

K is the average number of hospital beds
required per 1,000 persons per year.

A is the morbidity (conditions or persons)
per 1,000 persons estimated from the
utilization and need surveys.

R is the percentage of A (conditions or
persons) judged by the experts to re-
quire hospitalization.

P fls the average length of hospital stay in

ays.

N is %;he average number of currently
available beds in all hospitals in the
region under survey per year.

In this mathematical formula two assumptions
are made: (a) that the number of beds available
equals the number of beds demanded and (b)
that the demand for beds, reflecting the
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number of hospitalizations, follows a Poisson
distribution.

Among the limitations commonly attributed
to the method of estimating potential demand
for health services, based on measures of need
determined by morbidity surveys and defined by
expert standards, are the following.

First, the method uses as the basis for plan-
ning the highly subjective concept of need in-
stead of the more objective one of demand. The
fact that need exists does not imply that it will
be expressed as demand for services.

Second, adequate morbidity data are scarce
(11a, 12a). In a recent review of morbidity sta-
tistics said to be available in 98 countries, Smith
commented that “administration and planning
of services in most countries lack this kind of
basis [morbidity and utilization statistics] to
an extremely serious extent” (73¢). The present
reality is that “health administrators faced at
first with the virtual necessity of doing without
an adequate numerical basis for their decisions
have now come to feel that they can dispense
with statistical information, The results of this
may be seen in many countries today where the
available services bear very little relation to the
health needs of the communities they are sup-
posed to serve” (13b). The main reason for this
scarcity is the high cost of obtaining reliable
morbidity information; however, this cost
should be weighed against the benefits obtained
from the data. The increasing pressure for mor-
bidity and utilization data is the result of their
demonstrated value, not only for planning
health services but also for epidemiologic sur-
veillance and for studies of the effects of medi-
cal and social intervention (135).

Third, the method requires a consensus of
medical opinion on how best to care for each
condition. This consensus is difficult, if not im-
possible, to reach in some cultural environments
(11, 126, 14).

Methods Based on Mortality

In their calculations of required health re-
sources, some authors have preferred to plan on
the basis of mortality data rather than mor-
bidity data ( 15, 16). The reasons given for this
preference are (&) mortality statistics are more
reliable than morbidity statistics, () mortality
data are available annually for most localities,
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whereas morbidity data are not similarly ob-
tainable, and (¢) when morbidity data are
available, translation into health resources re-
quired to meet need or demand, or both, requires
the difficult process of establishing criteria for
services.

The assumption made in all planning based
upon mortality data is that there is a constant
ratio of health resources utilization to mor-
tality. However, technological, demographic,
and socioeconomic changes, among others, con-
dition changes in utilization as well as changes
in mortality, and hence the validity of the hos-
pital bed utilization to mortality ratio may be
questioned.

Methods Based on Utilization
In the approach based on utilization, the
present use of personal health resources is taken
as a reliable indicator of future use, and the
objectively quantifiable concept of demand is
preferred to the subjective notion of need.
Within this approach, two closely related
concepts must be considered. The first is “ade-
quacy of resources”—the availability of suffi-
cient facilities to meet the demand for them.
The second is “distribution and coordination of
resources”—the geographic and functional re-
lationships between resources and population.
Methods based on demand. Among the
methods designed to calculate the health re-
sources required to meet future demands, the
most frequently used has been extrapolation of
the present ratio of health resources to popula-
tion (conditioned by current demand) to the
future projection of the population (17-19).
This method takes into account only increased
demand due to demographic growth. It assumes
that the workloads carried in the past are the
best and most objective guide to the require-
ments of the future (20). Sometimes this de-
mand is corrected to exclude overuse and include
underuse, according to expert judgment. The
main reservation to this correction, however, is
that definitions of overuse or underuse are mat-
ters of opinion and depend on the criteria
selected ; they may reflect value judgment re-
garding the purposes of the health resource.
Bailey (21) introduced the concept of the
“critical number of beds,” which has been widely
used in England (22). This is the number of
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beds that will just keep pace with current de-
mand. It is calculated by noting the change in
the length of the waiting list for hospital ad-
missions over a given period of time and adding
this change to the satisfied demand, that is, the
patients actually admitted to the hospital dur-
ing the same period.

The method is illustrated by the following
hypothetical utilization experience for a gen-
eral hospital by a population of 10,000 for a 1-

year period (20a).
Satisfied demand—actual admissions (1)__--- 1,070
Discharges (2) 1,047
Total demand for hospitalization—actual ad-
missions plus waiting list (3) -~ 1,094
Desired change in waiting list to meet all un-
satisfied demand (4)=(8)—(1)—cee__ +24
Average length of stay in days (5)-——————-- 16.3
Bed patient days (6)=(5) X (2)cceemmcaaua 17, 066

The critical number of hospital beds per a pop-
ulation of 10,000 is calculated from the formula:

C=DX8 (2)
where
C is the critical number of hospital beds,
D is the daily demand for hospitalization,
and
S is the average length of stay in the
hospital.

An exampleis:

C=DXS=1,094 total annual hospital admissions
365 days

X16.3 days=47.2 beds

To determine the desired occupancy rate
(total available hospital beds per total occupied
hospital beds), Bailey (27) and McPhee (22)
divided hospital admissions into elective and
nonelective (emergencies). They observed that
elective admissions tend to follow a normal dis-
tribution. They defined the occupancy rate by
choosing a desired turnover interval, that is,
the average number of days a bed is vacant be-
tween successive hospital admissions. They con-
sidered nonelective admissions to follow a Pois-
son distribution and accordingly they chose the
occupancy rate from prepared tables on “vari-
ation of beds required based on a Poisson dis-
tribution” (23).

Recently, Drosness and associates (24) pub-
lished one of the first studies in the United
States on variations in daily hospital bed census
in an entire municipality (Santa Clara County,
Calif.). They concluded that for all hospital
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bed units studied (medical, surgical, obstetrical,
and pediatric) a normal distribution gives a
more accurate description of variation in daily
census than does a Poisson.

Planning based on these methods of extrap-
olating into the future past and present de-
mand can be criticized because it not only main-
tains the status quo but it also magnifies the size
of its defects. Another shortcoming of such
methods is that they usually do not take account
of shifts in demand related to socioeconomic
changes in the population or to scientific and
technological developments in medicine.

A further reservation about the use of these
methods has been created by Roemer’s (25) and
Newell’s (26) findings that supply appears to
promote demand, although Rosenthal (27) and

Sigmond (28) questioned these findings. This

divergence of opinion seems to indicate that
there is as yet no clear understanding of the
effect that supply has upon demand for hospital
beds.

Comparative method. Similar to the meth-
ods based on demand, the comparative method
takes the ratios of resources to population from
an area or region where health resources are
considered adequate to satisfy demand and ap-
plies these ratios to another population (29).
This method suffers from the same defects as the
previous one, as well as two others; few areas
or regions are truly comparable, and even fewer
where the demands, to say nothing of the needs,
of the population are satisfied.

Methods based on analysis of demand. A more
sophisticated approach than simple extrapola-
tion to the future either of present demand
or of ratios of resources to population is that
based on analysis of present demand (30). This
method represents, in fact, market analysis of
consumer use. Brooks and associates (3) pre-
dict future demand by multiple regression anal-
ysis of 117 variables, such as demographic data,
mean life expectancy, mean effective buying in-
come, average length of stay in hospital, average
occupancy rate, ratio of physicians to popula-
tion, and others. Monthly figures are collected
for each of these variables for 5 years, and then
multiple regression techniques are applied to es-
tablish the relation between the number of pa-
tients in each hospital department and the 15
to 20 most important factors. The number of
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patients expected per month in each department
can be predicted by estimating the value of the
factors for that month. The number of beds
needed by departments or by the whole hospital
is estimated by multiplying the number of pa-
tients per month by the average length of stay
and dividing by the average number of days in
a month.

Feldstein and German use two methods: (a)
extrapolation of present supply and demand and
(8) in relation to estimates of population
growth, analysis of selected socioeconomic fac-
tors that affect utilization (32). By predicting
the future level of these factors they derive esti-
mates of future hospital utilization.

Reinke and Baker have developed a new
analytic method, the multisort technique, that
improves the analysis of the effects of multiple
demographic variables on utilization (33). Mul-
tiple regression techniques can be used to ana-
lyze effects of demographic variables, but
interactions may be overlooked entirely or in-
adequately identified. Analysis of variance has
proved useful in handling interactions, but un-
even distribution of observations among cells
creates orthogonality. The multisort technique
is an approximation procedure that simplifies
computations while maintaining the analysis
of variance approach. The procedure assigns
weights to cells for all factors, according to the
rules for evaluating main effects; thus, the as-
sessment of interactions is approximate but not
tedious (33).

Swedish workers base their estimates of re-
quired medical and hospital resources on a dem-
ographic analysis of hospital utilization. Be-
cause of the polarized age distribution of the
country, they are particularly interested in dif-
ferences in utilization by different age groups
(34, 35). Swedish health planners therefore use
an index, the “consumption unit,” which reflects
differences in utilization by different age groups
rather than by the number of persons, for esti-
mating future demand.

An example of the Swedish approach is pre-
sented in the Goteborg plan (36). The mean
annual number of physician visits for each age
group is related to the mean annual number of
physician visits for all age groups (231.6 visits
per 100 persons) to obtain the consumption unit,
which measures the proportional consumption
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Number of Number of

visits per consump-

Age group 100 persons tion units

1 (C.U.)? per

person
0-15_ .. 125. 0 0. 540
16-19___________________ 154.0 . 665
20-29 . 196. 9 . 850
30-39_ . 236. 0 1. 019
40-49___________________ 274.9 1. 187
50-59_ .. 3111 1. 343
60-66__ ... _____________ 345. 2 1. 491
67andover._____________ 308. 9 1. 334
Mean number of

visits (V) cccacao- 2316 cceeeeeeee

1 Data taken from Swedish National Insurance
Board Study, 1963 (reference 35).

’C.U.=—%'; for example:

~ __125.0_
C.U. for]'age group 0-15 years= P 0.540.

per age group (right-hand column of the table).
The total number of consumption units for the
region can be estimated by multiplying the con-
sumption unit for each age group by the number
of people in Géteborg in each age group in 1963,
1970, 1975, and 1980.

By taking into account differences in the con-
sumption of medical and hospital services by
different age groups, the method gives more de-
tailed estimates of future consumption than
those estimates based on the growth of the en-
tire population.

Methods Based on Distribution

The concepts of distribution and coordination
refer to the geographic and functional relation-
ships between resources and the population
served. To study these characteristics two meth-
ods have been used: the “facilities-centered”
(37-40) and the “population-centered” (41)
approaches.

In the facilities-centered approach a group of
facilities, usually hospitals, is surveyed to define
the population served by these hospitals. This
method requires collection of information about
hospital discharges, according to patients’ places
of residence, for each hospital in the community
or region being studied. For each hospital in the
region, the proportion of its total patients from
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each small area (county, township, municipal-
ity) can be calculated and the percentage of the
area’s total population can be estimated. By
applying the percentages for each hospital to
the total population of each small area and add-
ing them, the population served by each hospital
in the region can be estimated. By estimating
projected changes in the populations of these
areas, one can predict future hospital use and
thus future requirements for the whole region.
The defect in this method is that it does not
consider the influence of selective bias in choos-
ing a hospital by residents in the same small
areas.

Schneider (42) in the United States has de-
scribed a conceptual model for evaluating the
locational efficiency of health resources—physi-
cians’ offices and hospitals—using a facilities-
centered approach in his analysis. The loca-
tional efficiency measures the costs of operating
a hospital which may be attributed to its
location.

The population-centered method is based on
the analysis of the current patterns of hospital
use by a defined population. The initial step is
to define the survey population as the residents
of a particular geographic area. The pattern
of bed utilization for this specified population
is then determined by analyses of bed-use data
from hospitals both inside and adjacent to the
defined area. This method measures current use
of hospital beds rather than demand for beds.

The population-centered method has been
used more often for planning hospital beds than
for manpower planning. It has the advantage
of fostering the idea of community care with
the hospitals as an essential but not the only
component.

Forsyth and Logan (6) have used both facili-
ties-centered and population-centered methods
in Barrow-in-Furness in the north of England.
A factor facilitating the use of both approaches
was Barrow’s peninsular geography and con-
sequent clear regional boundaries.

The study in the Soviet Union mentioned
earlier (8, 9), which was based on estimates of
morbidity and utilization, also used both of
these methods. Engel (43) and Godlund (44)
used a modification of both approaches in their
plan for regionalization of the health services
of Sweden. A similar approach was used more
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recently in Goteborg (35). It was decided to
centralize the super-specialties, such as neuro-
surgery, in one teaching hospital which would
be the principal medical center of a region. Us-
ing hospital utilization experiences of different
surveyed populations, as well as experts’ opin-
ions, the Swedish planners defined the desired
ratio of super-specialty beds to population. By
defining the minimal desirable size for the
super-specialty units in regional hospitals, they
were able to define the optimal size of a region.
For example, if the experts defined the minimal
size of a plastic surgery unit as 60 beds and the
suggested number of beds for plastic surgery
patients per 100,000 persons as 5.5, then the
minimal size of a region that could generate
enough patients to support a plastic surgery unit
would be (60%X100,000) +5.5221 million persons.

With respect to geographic distribution of re-
gional centers and their size, the Swedish plan-
ners gave primary importance to the accessibil-
ity of the regional hospital center for the popu-
lation living in the region. The constraints
chosen as the basis for selection were travel
times and costs. No person within a region
should have to travel more than 4 hours round
trip by car or public transport.

The travel times for alternative locations of
regional centers were shown on isochrone maps.
(Isochrones are lines which join points situated
at similar traveling times from a given center.
If travel cost instead of time is used, isochrone
maps can also be used as travel cost maps, iso-
dapan maps, since travel cost is proportional to
travel time.) The isochrone maps for each al-
ternative location were placed over the popula-
tion projection maps for each future year. The
population living within each travel time zone
was then estimated. The location chosen was
that which minimized aggregate travel times
and costs.

Methods Based on System Performance

In planning personal health services based on
analysis of the performance of the system, the
required resources are determined by the amount
and type needed to achieve a defined output,
measured in terms of performance such as
reduction or control of death, disease, disability,
or discomfort. Effectiveness is the relationship
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between input and output in the system per-
formance method.

Unfortunately, little is known about the ef-
fectiveness of different health services systems.
Most analytic studies of health services have
been concerned with productivity, expressed in
terms of efficiency, but not with effectiveness.

The paucity of effectiveness studies is due to
present limitations in knowledge of methods to
measure the different variables in the output as
well as in the input of the system and their
interrelationships. Except in a few instances,
relationships between the system and its per-
formance are not known; even less is known
about methods of quantifying them. For ex-
ample, there is no evidence that providing X
units of prenatal care will save ¥ children’s
lives.

The absence of objective measurement of the
relationship between systems and performance
explains the use of subjective measurements,
such as the opinions of experts or the experi-
ences of other areas or countries, as described
in the earlier sections dealing with planning
based on morbidity and mortality. Actually,
subjective measurements may be regarded as
variants of the system performance method.
(The increasing use of panels of experts to de-
velop quantitative estimates of phenomena in
social services has been studied by the RAND
Corporation (45).)

An example of the panel-of-experts approach
is the method used by the Centro de Estudios
de Desarrollo (CENDES) and the Pan Ameri-
can Health Organization (PAHO) in health
planning (46). In this method the main goal
is to decrease mortality by disease categories,
subject to the constraint of cost. Although it
would be possible to take morbidity into ac-
count also, only mortality is considered owing
to the lack of data on morbidity. The first step
is to establish a priority rating for each cause
of death by disease category based on the inci-
dence of death, that is, the proportion of deaths
due to each disease category to total deaths. The
relative importance of the disease category is
measured by an arbitrary score based on age
at death and the degree to which premature
deaths caused by this disease could be prevented.
This preventability is defined either by experts’
opinions or epidemiologic studies.
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For nonreducible morbidity and related non-
reducible mortality, the CENDES and PAHO
method defines two alternatives: (2) in the so-
called minimum alternative, the future re-
sources required are calculated by extrapolation
of current demand determined by nonreducible
diseases and (b) in the so-called maximum al-
ternative, the future resources required are de-
fined by experts’ opinions of what resources
should be provided to care for the present and
prospective demand, regardless of cost. For re-
ducible morbidity and mortality, the resources
needed are divided into preventive and curative
resources. The number of preventive resources
required is defined by experts’ opinions of
standards of prevention needed, according to
the minimum alternative, to keep morbidity
and thus mortality at the current ratios, or,
according to the maximum alternative, to re-
duce morbidity and mortality as much as pos-
sible, regardless of the cost.

The number of curative resources required is
based in both alternatives on the ratio of utili-
zation to mortality, that is, “a correlation be-
tween the mortality rate for each reducible dis-
ease and the hospital and consultation rates for
thesame disease” (46a).

In the United States, the Indian Health Serv-
ice of the Public Health Service has developed a
planning method that defines its objectives as
quantifiable reduction of morbidity and mortal-
ity (47). The determination of health problem
priorities is based on a Health Problem Index,
which takes into account morbidity, mortality,
and utilization for each category of disease. The
resources required are estimated by the plan of
action chosen, with choices based on a cost-bene-
fit analysis of the different alternatives.

The difficulties in applying similar ap-
proaches in open health services systems, in con-
trast to the closed system of the Indian Health
Service, have been discussed by Kissick (48).
Several other studies have used a comparable
approach for certain categories of diseases (49,
50).

Methods Based on System Structure

System structure methods are based on the

knowledge of the internal relations among the

system’s parts, and therefore they require
knowledge not only of the system’s static
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aspects—the counting of the system’s parts and
the measuring of their productivity as the num-
ber of services per part—but also of its dynamic
aspects. They are based on the knowledge and
understanding of the referral and transferral
system, which provides the dynamic relation-
ship among the system’s parts. By considering
the dynamic aspects and knowing the popula-
tion defined according to the desired demo-
graphic or epidemiologic interest, or both, one
can then speak of the probability (transitional
probability) that a person will be in a particu-
lar flow from one part of the system to another.

Navarro and Parker (57) have described a
planning model based on these concepts. The
model, based on the Markovian process (62, 63),
is used to predict resource requirements, to cal-
culate change in these requirements in simu-
lated situations, and to estimate the best al-
ternative for reaching a desired goal in the
presence of a defined constraint. In “prediction”
and “simulation” the required resources are ob-
tained from the multiplication of the vector
representing the utilization of health services
by the transitional probability matrices repre-
senting the dynamics of the system. In the last
application or ‘“goal seeking” the problem
solved is to minimize the “change” or “cost™
subject to reach the desired goal. This mini-
mizing of change or cost is the objective func-
tion in a mathematical quadratic program (64).

Williams and associates (65) have used a
Monte Carlo technique to simulate present and
future situations in a hospital outpatient clinic
to improve its efficiency.

The advantage of the mathematical models
in planning is that they allow greater clarity
and precision than purely intuitive methods.
Further, the use of probability models is essen-
tial to describe patterns of happenings that
could occur with their relative chances of occur-
rence (66). This allows maximum flexibility to
the planner to face the continuously changing
health services system. The validity of these
models, of course, depends on the validity of
their implicit assumptions.
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Grants for Staffing Narcotics Addiction Treatment Centers

Staffing grants are now available to non-
profit agencies for the operation of narcotic
addict treatment and rehabilitation facilities.
The National Institute of Mental Health, which
will administer the grant program, has issued
preliminary guidelines to assist eligible com-
munity agencies in developing plans for treat-
ment programs.

Grants are available to community agencies
for an initial period for salaries of personnel
to staff the new rehabilitation facilities. Fund-
ing covers up to 75 percent of the professional
and staffing costs to operate a new facility or a
new program housed in existing facilities for
the first 15 months. Thereafter, maximum Fed-
eral support is 60 percent for the second year,
45 percent for the third, and 30 percent for
the fourth.

The program was authorized by Congress
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under the amendments to the Community
Mental Health Centers Act which provide $4
million during fiscal year 1969 for the con-
struction and staffing of specialized facilities
for addicts, and for developing training pro-
grams for such treatment. Although current
funds have been earmarked only for staffing
grants, funds for the construction of new facili-
ties will also be available after July 1, 1969.

The program will be administered by the
Center for Studies of Narcotic and Drug Abuse
in the Division of Narcotic Addiction and
Drug Abuse of the National Institute of Men-
tal Health. Applications for funds can be made
by public or other nonprofit organizations
through the associate regional health directors
for mental health in the Regional Offices of
the Department of Health, Education, and
Welfare.
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